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As a clinical entity, sickle cell anemia (SCA) is:
known to be relatively rarer in Africans than in
the African-American population of the United
States. Paradoxically, sickle cell trait (SCT),
the non-anemic, heterozygous condition, is
about three times more common among in-
digenous Africans than in African-Americans.
The ratio of SCA to SCT is 1:50 for African-
Americans, and less than 1:1,000 for tropical
Africans. This etiological disparity is attrib-
uted to an anti-sickling agent, thiocyanate,
(SCN-) found abundantly in staple African
foods, such as the African yam (Dioscorea sp)
and cassava (Manihot utilissima). Staple
American foods have negligible SCN- concen-
trations. Nonstaple foods in the American
diet, such as carrots, cabbage, and radishes,
have SCN- levels far below the African yam
and cassava. This finding explains the high
incidence of SCA among African-Americans
and its rarity in Africans.
The author concludes that SCA is a congeni-

tal deficiency anemia, ameliorable by
prophylactic diets of foods with high SCN-
contents. Thus, "thiocyanate deficiency
anemia" is nutritionally a more correct clinical
status for those born with the homozygous
sickle hemoglobin genome. Just as any iron
undernourished person can suffer from iron
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deficiency anemia, sickle hemoglobin homo-
zygotes suffer from "thiocyanate deficiency
anemia" when they subsist on SCN-deficient
foods. This article reviews the role of dietary
SCN- in SCA control.

The rarity of sickle cell anemia (SCA) in
Africans was in the past attributed to an un-
known environmental protective factor. Song'
has noted that the active form ofSCA is quite rare,
while the harmless heterozygous sickle cell trait
(SCT) occurs more frequently in Africans than in
African-Americans in the United States. He
pointed out that "the genetic theory of Neel and
Pauling does not seem to explain fully the relation-
ship between sickle cell trait and sickle cell
anemia."1I Song then proposed that a protective
factor is present in regions of Africa with negligi-
ble SCA etiology. The protective factor against
SCA is now known to be thiocyanate (SCN-),
which is found in the African yam (Dioscorea sp)
and cassava (Manihot utilissima).2

Lower levels ofSCN- are found in nonstaples in
the American diet, in carrots, cabbage, and
radishes.3 Houston2 has estimated that a daily Af-
rican meal contains about 40 times more SCN-than
that of the African-American. The relative SCN-
deficiency of American staple foods allows for the
full and predictable incidence of SCA. Jamaicans
experience the same nutritional prophylaxis
against SCA as do Africans because of cassava
diets in Jamaica. Serjant et a14 have reported that
SCA is remarkably mild in Jamaica, and that the
homozygous sickle hemoglobin phenotype is
compatible with survival into and beyond middle
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age. They pointed out that the benign clinical course
of SCA in Jamaica must be because of the pres-
ence of an unknown indigenous protective factor,
as patients with mild SCA suffer severe crises
when they immigrate to the United States and are
relieved on return to Jamaica.

Cassava (or manioc), popularly known as the
"bread of the tropics," is among the cyanogenetic
plants with the highest SCN- levels.2'5 In Africa, a
popular cassava staple product, "gari," contains
about 60 mg of thiocyanate for each 100 grams of
cassava. In Jamaica, and other West Indian is-
lands, "farine" is a well-known cassava-derived
food.5 Hence, cassava, common to tropical coun-
tries, provides the major amount of SCN- needed
fQr prophylactic control of SCA.

The yam (Dioscorea sp) is another tropical
staple food with high SCN-. Yam flour is reported
to have 50 to 60 mg/100 g.3 Both cassava and yam
provide the African with effective dosages of
SCN- to prevent clinical manifestations of SCA. It
has been estimated that a daily African meal con-
tains about 1 g of SCN-, which is about twice the
dosage used to effectively resolve cases of sickle
cell crises.2.

It is noteworthy that for a period of about 25
years, 1925 to 1950, fewer than 100 cases of SCA
were documented in the whole of Africa.6 This
included all ages of the population. After 1950, and
to the present day, SCA is still relatively rare.
Long-lived, almost asymptomatic adult cases have
been reported in West Africa by Konotey-Ahulu and
Ringelhann7 in East Africa,8 in Rhodesia, and in
the southern part of Africa.9 Generally, the
pathophysiology of childhood SCA in Africa is
more benign than'in the United States, and African
adults on high SCN- foods rarely express any clin-
ical anemia.

SPECIFIC REGIONAL DIETARY
THIOCYANATE AND SICKLE CELL
ANEMIA INCIDENCE
An inverse relationship between the incidence

of SCA and SCN- yield of foods has been ob-
served by Houston.2 In Rhodesia,9 clinical ex-
pression of SCA is mild and infrequent, and the
onset in Rhodesian children is at about the age of
6, while SCA manifestations begin at about the age
of 5 in African-American children. The Baamba
people of Uganda with the highest SCT frequency

in Africa (39 to 45 percent) showed no clinical ex-
pression of SCA and a virtual absence of Hb SS
electrophoretic bands in all ages. 10 Yet, a 4 percent
Hb SS incidence for the Baamba was expected in
accordance with gene dynamic calculations of the
Hardy-Weinberg law. "Surprisingly none [Hb SS]
were found," in the words of Lehmann and
Raper.'0 The survival rate of Luo people with Hb
SS of Western Kenya to adulthood is higher than
in the United States.1' In West Africa, the protec-
tion accorded by SCN- foods against SCA is well
documented. A passage in one Medical College
Admission Test review manual'2 states that many
West Africans are protected from "both sickle cell
anemia and malaria, not by medicine, but by
yams . . .. Yams contain thiocyanate, a com-
pound which prevents red blood cells from con-
tracting into their crescent-like shape . "12
Cassava and yams are staple foods in the above
regions.

The survival rate of individuals with Hb SS to
adulthood and old age varies in Africa depending
on the variation of SCN- content of foods. For
instance, in the regions where cassava, yam, and
high-protein foods are given to children as a part of
the weaning meal, SCA is rare. But, there are
some regions where the traditional weaning meal
is mainly a corn product, a semi-solid meal called
"pap" or "akamu," which is devoid of SCN-.
Hence, children in such regions may suffer from
SCA, as they lack the protective factor.'3 The
survival rate is reported to be lowest in the lower
Congo River, in Zaire, where kwashiorkor, a pro-
tein-deficiency disease, is also common among
children. This fact is in keeping with the report
that SCN- formation requires sulfur-containing
amino acids, such as cysteine and methionine,'4
contained in protein foods. Thus, high SCN- meals
must be coupled with adequate protein intake to
achieve the prophylactic, anti-sickling effect
against SCA.

METABOLIC SIGNIFICANCE OF
THIOCYANATE

Thiocyanate is a naturally occurring compound
in body fluids-blood, urine, saliva, sweat, and
tears.'5 In plants, the parent compounds are non-
toxic, sugary compounds called cyanogenetic gly-
cosides, termed nitrilosides (or vitamin B17) by
Krebs.'5 Nitrilosides are initially hydrolyzed to
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hydrogen cyanide (HCN) by ,3-glucosidase, an
enzyme produced by intestinal bacteria as well as
body tissues. The released HCN, in the presence
of a sulfur donor (cysteine or methionine), is con-
verted to nontoxic SCN- by rhondanese, an en-
zyme found in various organs and tissues of the
body, with the highest concentration in the liver.
Released HCN is used also by the liver for the
production of vitamin B12, cyanocobalamin, from
provitamin B12, hydrocobalamin.15 The liver is
thus the organ most responsible for the formation
of SCN- and vitamin B12 from the HCN metabolic
pool. High levels of preformed SCN-, as found in
some plants (cassava and yam), arise from similar
enzymatic hydrolysis of nitrilosides.

ANTI-SICKLING EFFECT OF
THIOCYANATE

In 1932, Torrance and Schnabel'6 used potas-
sium thiocyanate (KSCN) to successfully resolve
two cases of sickle-cell crisis. It was observed
that KSCN promptly and effectively eliminated
pain and discomfort in the patient. The KSCN
dosage administered was less than half the effec-
tive dosage of cyanate, a well-known anti-sickling
agent. Thus, KSCN is more than twice as potent
as cyanate.2 It is regretful that SCN- therapy for
SCA was neglected subsequently, requiring a re-
discovery after almost half a century!

Oxidation of the SCN- ion to cyanate is
catalyzed in the erythrocytes by hemoglobin,
which acts as a peroxidase.'7 In this reaction, the
intermediate product, HCN, is spontaneously
converted to cyanate. Some investigators18" 9 have
shown that cyanate inhibits sickling of erythro-
cytes irreversibly in vitro and extends the life span
of erythrocytes to almost normal in vivo.20 In pre-
liminary clinical trials with cyanate at the Rocke-
feller University, Gillette et al observed a decrease
in hemolytic anemia in patients with the Hb SS
phenotype as shown by the significant increase of
hemoglobin and hematocrit in patients on an oral
cyanate regimen. A daily cyanate dosage of 1,200
mg or 20 mg/kg of body weight was uniformly
tolerated by the 12 patients studied. No significant
toxicity was observed.2'

Cyanate, the end product of SCN- oxidation in
erythrocytes, binds to amino terminal valine resi-
dues of hemoglobin.'8 Such a binding reaction,
called carbamylation, occurs at the site of error on

the sickle hemoglobin molecule and thus corrects
it. This error is known to be the substitution of
nonpolar valine for polar glutamic acid on the sixth
position of the beta chain of hemoglobin. Car-
bamylation increases oxygen affinity of Hb S, thus
increasing the proportion of oxygenated con-
formers of Hb S that cannot sickle. The elec-
trophoretic mobility of Hb S treated with cyanate
shows two bands: one band with the mobility of
Hb A, and one with the mobility of Hb S22 instead
ofjust one band for Hb S found in untreated Hb SS
phenotypes. Carbamylation causes a structural
modification of the amino terminal of Hb S result-
ing in a protein variant with the functional charac-
teristics of the normal hemoglobin A.23

DISCUSSION
Neel's formulation of the genetic basis for SCA

states that SCT results from a heterozygous (Hb
AS) inheritance, while SCA arises from a
homozygous (Hb SS) condition.24 The paucity of
SCA in the face of high SCT frequency in Africans
has led many investigators to refute Neel's
theory1'25 and to propose other theories to account
for the observed clinical rarity of SCA. Edington
et a125 have also rejected the notion of early loss of
Hb SS gene (by universal mortality of SCA in-
fants) on the grounds that such a loss would have
decreased SCT frequency in Africans, and that "it
would have been such a 'slaughter of innocents'
that it could not have escaped our attention."
Lehmann8 thought that a beneficial type of sickle
cell gene (a term suggested by Raper6) might exist
in Africans, repressing the clinical syndromes of
SCA. Working in Uganda for several years, Leh-
mann found only two cases of SCA. He stated
that, "Even when electrophoresis became avail-
able, homozygotes seemed to escape us."8 Con-
sequently, Lehmann traveled to the United States
(Harlem Clinic in New York) "to look at sickle
cell anemia patients for myself." He commented
that, "I had not seen patients like that in Uganda.
Perhaps there was something wrong with the
homozygous sickle cell anemia theory."

Neel's theory of SCA inheritance is based on
accepted contemporary mendelian genetic princi-
ples. Various investigators and laboratory scien-
tists in Africa failed to detect significant numbers
of people with the Hb SS phenotype because high
SCN- in staple African meals converts Hb SS to a
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Hb AS electrophoretic pattern. Hence, SCT fre-
quency is raised, while SCA incidence is lowered
by nutritional SCN-. As Hb AS is nonpathologic,
clinicians could not diagnose the anemia either. In
the United States, the expected incidence of SCA
was observed as a result of dietary SCN- defi-
ciency. Jamaicans subsisting on cassava have a
similar nutritional protection to Africans, giving
rise to Jamaican SCA of extremely mild clinical
course.4

It is concluded that high SCN- diets give rise to
low incidence of SCA in Africans, while SCN- de-
ficient American meals cause an increased number
of cases of SCA in the African-American popula-
tion. The nutritional prophylaxis for SCA is
achieved effectively by diets high in SCN- and
protein foods. Such a nutritional regimen provides
the tropical African with the protective factor
against SCA, leading to the clinically observed
relative paucity and better prognosis of SCA in
Africa.

Dietary prophylaxis will certainly help solve the
problem of SCA in the United States and in the
world. African yams and cassava (gari), which are
readily available in the United States, can provide
the effective SCN- prophylactic dosages for SCA
control. It is logical for cassava and yams, which
are the staples for more than 300 million people of
the tropics and subtropics, and have protected
Africans against SCA for centuries, to be utilized
for SCA protection for the African-American
whose ancestral origin is also the African conti-
nent.

Literature Cited
1. Song J. Pathology of Sickle Cell Disease.

Springfield, III: Thomas, 1971, p 95.
2. Houston RG. Sickle cell anemia and dietary precur-

sors of cyanate. Am J Clin Nutr 1973; 26:1261-1264.
3. Oke OL. The role of hydrocyanic acid in nutrition:

World review. Nutr Dietat 1969; 11:170-198.
4. Serjeant GR, Richards R, Barbor PRH, Milner PF.

Relatively benign sickle-cell anemia in 60 patients aged

over 30 in the West Indies. Br Med J 1968; 3:86-91.
5. Montgomery RD. The medical significance of

cyanogen in plant food stuffs. Am J Clin Nutr 1965; 17:103-
113.

6. Raper AB. Sickle cell disease in Africa and America:
A comparison. J Trop Med 1950; 53:49-53.

7. Konotey-Ahulu FID, Ringelhann B. Sickle-cell
anemia, sickle-cell thalasaemia, sickle-cell haemoglobin C
thalasaemia in one Ghanaian family. Br Med J 1969; 1:607-
612.

8. Lehmann H. Sickle cell anemia, 35 years ago: Rem-
iniscence of early African studies. Am J of Pediatr Hematol
Oncol 1984; 6:72-76.

9. Bell RMS, Geffand M. Sickle cell disease in
Rhodesia. J Trop Med Hyg 1971; 74:148-153.

10. Lehmann H, RaperAB. Maintenance of high sickling
rate in an African community. Br Med J 1956; 2:333-336.

11. Allison AC. Notes on sickle cell polymorphism. Ann
Human Genetics 1954; 19:39-57.

12. Bishai T. How to Prepare for MCAT. New York: Har-
court, 1982, p 367.

13. Houston RG. Dietary nitriloside and sickle cell
anemia in Africa, letter. Am J Clin Nutr 1974; 27:766-769.

14. Wokes F, Picard CW. The role of vitamin B-12 in
human nutrition. Am J Clin Nutr 1955; 3:382-390.

15. Krebs ET Jr. The nitrilosides (vitamin B17): Their
nature, occurrence and metabolic significance;
antineoplastic vitamin B17. J Appl Nutr 1970; 22:75-78.

16. Torrance EG, Schnabel TG. Potassium sul-
phocyanate: A note on its use for the painful crises in sickle
cell anemia. Ann Intern Med 1932; 6:782-788.

17. Chung J, Wood JL. Oxidation of thiocyanate to
cyanide catalyzed by hemoglobin. J Biol Chem 1971;
246:555-560.

18. Cerami A, Manning JM. Potassium cyanate as an
inhibitor of the sickling of erythrocytes in vitro. Proc NatI
Acad Sci USA 1971; 68:1180-1183.

19. Cerami A. Cyanate as an inhibitor of red-cell sick-
ling. N Engl J Med 1972; 287:807-812.

20. Gillette PN, Manning JM, Cerami A. Increased survi-
val of sickle cell erythrocytes after treatment in vitro with
sodium cyanate. Proc Natl Acad Sci USA 1971; 68:2791-
2793.

21. Gillette PN, Peterson CM, Manning JM, Cerami A.
Preliminary clinical trials with cyanate. Adv Exp Med Biol
1972; 28:261-271.

22. Kraus LM, Rasad A, Kraus AP. Carbamyl-phosphate
modification of hemoglobin S structure resulting in altered
sickling. Adv Exp Med Biol 1972; 28:279-296.

23. Manning JM, Cerami A, Gillette PN, et al. Chemical
and biological aspects of the inhibition of red blood cell
sickling by cyanate. Adv Exp Med Biol 1972; 28:253-260.

24. Neel JV. The inheritance of sickle cell anemia. Sci-
ence 1949; 110:63-66.

25. Edington GM, Lehmann H. Expression of the
sickle-cell gene in Africa. Br Med J 1955; 1:1308-1311.

1056 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 78, NO. 11, 1986


